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| ntroduction and M otivation

Higgs searches are an important part of the
Tevatron physics program.

Why?
*Source of EWSB in the SM:

» Consequence: imposition of mass to elementary particles.

*M,,: critical to the determination of L :
» L = energy scale at which the SM breaks down:

»Could the SV be effective up to the Planck scale (101° GeV) m 400

or doesit break down at lower energies?

*Tevatron: currently only active facility capable of probing the
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SM Higgs Production at the Tevatron

SM Higgs cross section (HIGLU,V2HV)

PP, Vs=1.96 TeV
gg—H

cross section (pb)
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Higgs production and decay:
sDominant production mode, gg® H :
»enormous backgrounds
*Main targets: WH and ZH production

*Main decay modes;
»H® bb for M,<130
»H® WW for M, >130

branching ra tio

) SM Higgs branching ratios (HDECAT)
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*Theory: s(VH) =0.05— 0.2 pb (compare to s (tt)~6 pb)

*Need luminosity...

June 7, 2003 SUSY03 Christopher Neu OSU-CDF

Page 3



Run | VH Limits

CDF performed several SM Higgs searchesin Run 1.

CDF PEELIMINARY Runl
eFour channels;

Eﬁ !959% C.L. up}lac:r limits
*WH ® |vbb = i bb
ZH ® libb N K
ZH ® whb - Cagbb T 7T
*W/ZH ® qgbb o - ,, VH combined
«ZH ® whbb achieved best single-channd limit ? §
-Combined limit: & G
*Measured for s (VH)*BR(H® bb), V=W or Z
*Binned likelihood, L, in M; Standard Mods
eMinimized —In(L) wrt s(VH)*BR N o =
*Result: s(VH)*BR < 8pb at 95% CL limit for Higgs Mass (GeV/c)

M,<130 GeV

sLimit is ~50 times lar ger than theory prediction
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Higgs Prospectsfor Run 11

e
11—

Tevatron Higgs Working Group
*Evaluated Run 2 Higgs search potential

eCaveats:
» Approximate detector simulation MH=120, in Ivbb final state, Lum = 1fb%:
»10% dijet mass resolution Rate CDF SHW Neural Net
» 60% per-jet tag efficiency
»100% trigger efficiency S 8.7 4 4.4
» Estimated background levels B 49 58 26
S/sqrt(B) 0.5 0.5 0.9
*For WH, ZH modes, performed three hep-ph/0010338

studies:
*CDF Run 1 simulation
*SHW simulation (~Run 2)
*SHW simulation + Neural Network

*Advocated employment of neural network

June 7, 2003 SUSY03 Christopher Neu OSU-CDF Page 5



WH Search Using a Neural Networ k

: : Prior-to-NN:
Primary question: _
«Can we demonstrate improved Backgrounds:
sensitivity using aNN inthe CDF Run 1 Source Nexp
framework? ttbar 5.4
Singletop 2.5
Further, we can also ask: Diboson 2.7
W+QCD 22.7
«Can we optimize the strategy using the Total 33.3
Run 1 data with an eye to Run 2? Signal:
/ MH Scenario Nexp
. : : WH, MH=100 0.32
Can thlstechn_lque reducgthe Run 1 For M. =190 WH. MH=110 094
WH cross section upper limit? baseTine WH. MH=120 0.19
sensitivity: « WH. MH=130 0.12
s 1 WH, MH=140 0.07
: _ 2 - WH, MH=150 0.03
Strategy: *Apply abaseline event selection JB 30

*Advanced selection:
»Design a NN with high background rejection
»Exploit M;; in counting experiment

*Optimize using a priori limit as figure of merit

| nvestigate sensitivity gain
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WH Search Using a Neural Networ k

*Baseline event selection: high p; lepton, MET, 2 jets, 2 1 b-tag

put classes.

14 types of background: sorted into 4 classesb 4+1(signal) =5in
Classl Class? Class3 Clas4
WH tt Whbb, W, Wx W-gluon
W, WAmistags,
Non-W

Classb
WZ,WW,ZZ,
Zbb,Zcc,/® tt

Masslvbb

sFive input classes b 5 NN output nodes

600

*Eight inputs:
“MET
"H . "M 12003
"\Vector pr(j J,) "My,

g (E‘IJ 1_ E_Ij 2) .SETExtra
"M a2

400

300

200

100

—WH, M_H=120
—tthar
W+QCD

— Single Top

Dibosaon

g

»Avoid using variables that sculpt M;;,!

Lo b s ey Ly [
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WH Search Using a Neural Network :
Results From Data

*The CDF Run 1 W+2jet sample: 42 events

sData events run through our NN:
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WH Search Using a Neural Network:
Data Results

Event yields after complete advanced selection:
CDF Run | Preliminary

Signal Data
MH (Theory) Total Obser vec Probability
100  0.25+/-0.05 @ 12.6+/-2.6 19 0.0899
110  0.20+-0.04  12.0+/-2.4 22 0.0183
120  0.15+/-0.03 @ 10.6+/-2.1 21 0.0092

130  0.09+/-0.02 @ 9.2+/-1.8 17 0.0255
140 @ 0.04+/-0.01 = 7.2+/-1.4 15 0.0141
150 0.02+/-0.005 =@ 6.1+/-1.2 12 0.0306

_ Estimated systematics

Conclusions:
«Post-advanced selection sensitivity: 1/22 for M,=120 (34% improvemnt)
*\We see a 2-3s excess for each counting experiment

*This excess is known from other lepton+jets analyses
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WH Search Using a Neural Network:

Data Results
CDF Run | Preliminary
Backgrounds
Signal Wbb,Wcc,Wc Diboson, Data

MH (Theory) ttbar W+mistags, nonW Single Top Z+X Total Observed Probability
100 @ 0.25+/-0.05 1.4+/-0.4 8.8+/-25 0.9+/-0.2 @ 15+-04 @ 12.6+/-2.6 19 0.0899
110 @ 0.20+/-0.04 1.4+/-0.4 8.3+/-2.3 0.9+/-0.2 @ 1.4+/-04 12.0+/-2.4 22 0.0183
120 @ 0.15+/-0.03 1.3+/-0.4 7.2+/-2.0 0.9+/-0.2 @ 1.2+/-03 | 10.6+/-2.1 21 0.0092
130 | 0.09+/-0.02 1.3+/-04 6.1+/-1.7 0.9+/-0.2 @ 0.9+/0.2 9.2+/-1.8 17 0.0255
140 | 0.04+/-0.01 1.2+/-0.4 4.6+/-1.3 0.8+/-0.2 @ 0.6+/-0.2 @ 7.2+/-14 15 0.0141
150 | 0.02+/-0.005| 1.0+/-0.3 3.9+/-1.1 0.7+/-0.2  0.4+/-01 @ 6.1+/-1.2 12 0.0306
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WH Search Using a Neural Network:

Data Results
CDF Run | Preliminary
A priori Limit Data Results

MH | No Systematics Estimated Systematics Sigma(WH) Sigma(VH)*BR(H->bb)
100 9.5 11.3 17.8 22.5

110 8.4 9.9 19.9 24.1

120 8.4 10.0 21.8 23.4

130 9.3 10.9 21.4 18.0

140 13.5 15.6 33.3 18.5

150 24.3 28.5 55.2 17.9

Note that the a priori limit from the previous
Run 1 Ivbb analysis was ~13pb for M,,=120.

The improvement in apriori limit is the equivalent of
having an extra 60 pb! of Run 1 data, an effective
increase of 57% from technique alone.

Caveats:

*Thisisnot afair comparison: No M;; window exploited in previousRun 1 analysis.
*Estimated systematics for NN analysis.
*A NN in other analyses (ex: double-tag analysis, N,=3 or 4, etc.) may have different sensitivity
increase.
*Morefair comparison: rectangular cuts analysis in same 8 variables with M;; window
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Results: Interpretation for VH Production Limit

-
=

:CDF Run I Preliminary
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Cross Section (
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_Theory G(VH)*BRMH. —>bh. ). .
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MSSM Higgsin Run Il

Minimal Supersymmetric Extension to the Standard Mode (M SSM):

*Two Higgs doublets
Five physical Higgs particles:
»Two neutral CP-even: h,H
»One neutral CP-odd: A
»Two charged: H* H-
*Masses for all five described in terms of two free parameters: tan(b) and M,

*Couplings are given by relations involving beta and apha, the angle from the diagonalization
of the h-H mass matrix

- sin(@) cos@) tan(b)
| Cos(b)h | Cos(b)H qd"> ________ A < Enhancement
Ul o) @) S for large tanb

9\ sin(b) dIN\sin(b) U\ cot(b) values
a0, h qa H a, A
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MSSM Higgsin Run Il

=10 2 = . . .
& Vs = 196 Tev *Thef f f, coupling is proportional to tanb
o S M, =175 GeV
10 ¢ < CTEQSM (f =h/H/A)
i tan =50
1 i ‘kx Mmaximum; mixing
1; \ | eIf tanb islarge, the production cross section for the
10 } process gg,qq ® f bb istherefore large as well.
1 2 —28qg > Abb
e e | *Run 1 search looked for this channel
10" e e 2D »Exploited decay A ® bb
o af > L ooked for fairly clean bbbb final state.
10 5so “io0 0 M0 is e me CVENt Selection:
M, (GeV) »Four high ET jets
»3 or more b tags
b »Require tagged jets be well-separated
4 »>M; dependent cuts
b
_ _ «Scanned M ¢ plane
|
b b
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MSSM Higgsin Run Il

CDF Run | Preliminary

a0
30
70
G0
50
40
30
20
10

tanb

—— Maximal Stop Mixing -
-------- Minimal Stop Mixing -

\\\\AW\?;\\\ R R AN mmag

B0 100 120 140 m1E{l 180 200 220 240
A

L arge exclusion range outside of LEP results
*Exclusion of tanb > 50 for M,=100
*Opportunity to cover more of the phase space in Run 2

*Search is underway
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MSSM Higgsin Run Il

107 ton § = 50.0
- o{pp—> A+ X} [pbl
2 —> A 1
e E 99 g = 2 Tay 2 -
.. {tan § = 30} C
10 3 g L
C ~ -~ .
1 F 99,99 = Abb W'e g
_1 : :
10 3 L
_2:
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t decay properties.
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(~ 36%).

o« ® p?%, t® pp°?2, t ® ppp? : hadronic

decays (~ 64%).

*Always accompanied by missing energy due

to neutrinosin final state.

t® p?,% : leptonic decays

stanb enhancement also
increases gg ® A/H/h
L ook for decay to taus

instead of b’s
» Potentially much cleaner

| dentifying hadronic taus:

«Collimated, isolated jet
oL ow track multiplicity
L ow p% multiplicity
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MSSM Higgsin Run Il
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Run 1 analysis strategy:

*High pT electron sample
L ook for

*0ne tau decay to electron
«one hadronic tau decay

*Require non-negative reconstructed
tau mass for non-BTB candidates
*Perform counting experiment

w0
[—]

CDE.Run2Preliminary..

-~
=

Efflclency (%)

50

40

30

N:dn,, [<1,7 > hy)

20

10

0 10 20 30 40 50 60 70 80 90 100
T Visible E_ {GeV)

Run 1 analysisis nearing completion.
Run 2 analysisis off and running.

June 7, 2003 SUSY03 Christopher Neu OSU-CDF Page 17



Exotic Higgsin Run ||

Doubly-charged Higgs:

*Predicted by L-R symmetric models
*SUSY LR models predict low-mass H**

° H++ ® |+|+

«Search performed in CDF Run2 same-sign
dielectron, dimuon data

50_|IIIIIIII|IIII|IIII|IIII_
CDF RUN Il PRELIMINARY 7

Total Acceptance (%)

" 120 130 140 150
H**/H™™ Mass (GeV/c?)
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CDF RUN Il PRELIMINARY
L=91 pb™

-
B

[=]
=]
FTTT ] TTT[TTT[TTT T TT]TTTTTT]TTI
| [TTT] | | [TTT]

Systematic Uncertainty

e Background at given H ™ /H™ mass

Number of events
- ]

0.6
0.4
0.2 /\
a | ] | | | S
100 110 120 130 140 150

H""/H™ Mass (GeV)
*Backgrounds: Z production, QCD, W+jets
cosmics(dimuon only)
«Signal Acceptance: PythiaMC and CDF 2
detector simulation

*Clean signal = high acceptance
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Exotic Higgsin Run ||

;—B_\QDD _l T 1 rr I | I rr | I I I I | I I I I_ 3200 T T 171 T T 1 T T 11 T T 11 T T 11 T T T
‘g CDF RUN Il PRELIMINARY | = ] ]
5 fLdt=91pb™ 7 3 SLdt=975pb™ -
Q _
E 150 —95% CL Limit . T‘: 150 _ 95% CL Limit i
3 —— LO (PYTHIA} x 1.3 | i — LO(PYTHIAY x 1.3
O § G ]
100 . 100 4 ./
: ~ |
50—_ —_ 50__ __
: | BR(H, = mu mu)=100% |
O T T I I L L R L L L AL I AL RN L
100 110 120 130 140 150 0 30 100 110 120 130 140 150
H*/H™™ Mass (GeV/c®) H*/H. ™ Mass (GeV/c%)
Didlectron Result: Dimuon Result:
«Observe 0 events *Observe 2 events, expect ~3 from bkgd
eEstablish 95% CL limit *Establish 95% CL limit
N0 exclusion *Restricts M ,,, > 110 (LEP: M., > 100)
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Summary

*The Higgs search is an important component of Run 2 CDF physics
*SM Higgs searches were performed in Run 1
*Gains from employment of a NN in advanced selection have been verified

*M SSM Higgs searches are underway that look for channels that enjoy tanb
enhancement

*Other exotic Higgs searches have been undertaken.

*There is much to be donel!
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